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SOLID PHARMACEUTICAL COMPOSITION

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a National Stage application of PCT/
JP2009-063833, filed Jul. 29, 2009, which claims priority
from U.S. Provisional Application Nos. 61/085,201, filed Jul.
31, 2008, and 61/085,627, filed Aug. 1, 2008, the entire con-
tents of which are hereby incorporated by reference.

TECHNICAL FIELD OF THE INVENTION

The present invention relates to a solid preparation com-
prising a compound represented by the formula (I) to be
shown below, a pH control agent and a diuretic, which is
superior in the stability and dissolution property of the com-
pound (I) and the diuretic.

BACKGROUND OF THE INVENTION

It is important that pharmaceutical products be effective
and safe. Even when a pharmaceutical product is effective
and safe immediately after production, if the drug is easily
decomposed or denatured during storage and distribution of
the pharmaceutical product, it is not considered to be effective
and safe as a pharmaceutical product. Therefore, the stability
of the drug is extremely important for pharmaceutical prod-
ucts.

To secure effectiveness and safety of a pharmaceutical
product, not only the effectiveness and safety of the active
ingredient itself are important but also the properties of the
pharmaceutical preparation such as the drug dissolution prop-
erty and the like in the body are extremely important. For
example, when the dissolution of the drug from the pharma-
ceutical preparation is too late, the blood concentration of the
drug does not reach an effective level, and the expected effi-
cacy may not be sufficiently exhibited. On the other hand,
when the dissolution of the drug from the preparation is too
fast, the blood concentration of the drug increases sharply,
causing a high risk of side effects.

In other words, pharmaceutical products are required to
ensure, in addition to effectiveness and safety, the stability of
the drug and a certain level of the drug dissolution property.

The dissolution property of a drug is known to correlate
with the solubility thereof. In general, lower solubility of a
drug is known to cause slower dissolution property of the
drug.

A benzimidazole derivative having a strong angiotensin II
receptor antagonistic activity, which is represented by the
formula (1)

@
Rl

Havay,
N
/>—O—R3
N

wherein R! is a monocyclic nitrogen-containing heterocyclic
group having a deprotonizable hydrogen atom, R is an esteri-
fied carboxyl group and R? is an optionally substituted lower
alkyl, or a saltthereof (hereinafter sometimes to be referred to
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as compound (1)), particularly (5-methyl-2-ox0-1,3-dioxol-
4-yDmethyl 2-ethoxy-1-{[2'-(5-0x0-4,5-dihydro-1,2,4-0xa-
diazol-3-yl)biphenyl-4-yl|methyl}-1H-benzimidazole-7-
carboxylate salt (patent document 1), is considered to be a
promising therapeutic drug for hypertension and the like.
However, the properties of a pharmaceutical preparation con-
taining compound (I) need to be controlled to stabilize com-
pound (I) because compound (I) is unstable in the neutral pH
range, at which the pharmaceutical preparation is generally
produced. Nevertheless, the solubility of compound (1) is low
at the pH range where compound (1) is stable. In addition, a
combination drug product composed of compound (I) and
other active ingredient such as diuretic and the like cannot be
easily formulated into a preparation superior in stability and
dissolution property since the chemical properties are difter-
ent.

As a combination drug product, a combination of a com-
pound having an angiotensin Il antagonistic activity and a
compound having a diuretic action (patent document 2), and
an internal solid preparation containing acetaminophen gran-
ules obtained by a separating granulation method to suppress
the unpleasant taste and prevent discoloration of acetami-
nophen (patent document 3) are known. However, a combi-
nation drug product of compound (I) and a diuretic, which
simultaneously affords drug stability and solubility, namely,
dissolution property, has not been known.

CITATION LIST
Patent Literature

patent document 1: WO2005/080384
patent document 2: U.S. Pat. No. 5,721,263
patent document 3: JP-A-2001-294524

SUMMARY OF THE INVENTION
Problems to be Solved by the Invention

A preparation containing compound (I) and a diuretic is
effective for the prophylaxis or treatment of circulatory dis-
eases such as hypertension, cardiac failure, diabetic nephr-
opathy, arteriosclerosis and the like, and has extremely high
clinical usefulness.

The problem of the present invention is to provide a solid
preparation superior in the stability of compound (I) and a
diuretic as well as the dissolution property thereof.

Means of Solving the Problems

The present inventors have conducted intensive studies in
an attempt to simultaneously achieve the stability of com-
pound (I) in a preparation and dissolution property thereof
from the preparation, and found that the objects can be unex-
pectedly accomplished by the co-presence of a pH control
agent and compound (1), and further, by adjusting, with a pH
control agent, the pH range of a solid preparation thereofto a
pH range in which the solubility of compound (I) becomes
low. In addition, they have found that a diuretic and com-
pound (I) containing a pH control agent can be further stabi-
lized by separately granulating them, whereby a preparation
more superior in the dissolution property of compound (I) as
compared to general granulation preparations can be
obtained, which resulted in the completion of the present
invention.



US 9,169,238 B2

3

Accordingly, the present invention relates to:
[1] a solid preparation comprising a compound represented
by the formula (I):

@
Rl

2

I
N
y) 0—=R?
N

wherein R' is a monocyclic nitrogen-containing heterocyclic
group having a deprotonizable hydrogen atom, R is an esteri-
fied carboxyl group and R? is an optionally substituted lower
alkyl, or a salt thereof, a pH control agent and a diuretic,

[2] the solid preparation of [1], wherein the compound rep-
resented by the formula (I) or a salt thereof is (5-methyl-2-
0x0-1,3-dioxol-4-yl)methyl 2-ethoxy-1-{[2'-(5-0x0-4,5-di-
hydro-1,2,4-oxadiazol-3-yl)biphenyl-4-yl]methyl}-1H-
benzimidazole-7-carboxylate potassium salt,

[3] the solid preparation of [1] or [2], wherein the diuretic is
chlorthalidone or hydrochlorothiazide,

[4] the solid preparation of [1], wherein the salt of the com-
pound represented by the formula (I) is (5-methyl-2-oxo-1,
3-dioxol-4-yl)methyl 2-ethoxy-1-{[2'-(5-0x0-4,5-dihydro-1,
2,4-oxadiazol-3-yl)biphenyl-4-yl|methy1}-1H-
benzimidazole-7-carboxylate potassium salt, and the diuretic
is chlorthalidone,

[5] the solid preparation of [ 1], wherein the pH control agent
has pH 2 to 5,

[6] the solid preparation of [ 1], wherein the pH control agent
is an acidic substance selected from the group consisting of
tartaric acid, citric acid, lactic acid, fumaric acid, succinic
acid, phosphoric acid, malic acid, ascorbic acid, acetic acid
and acidic amino acid, or a salt thereof, or a solvate thereof,
[7] the solid preparation of [ 1], wherein the pH control agent
is monosodium fumarate, or a combination of fumaric acid
and sodium ion donor,

[8] a solid preparation comprising a first part comprising a
compound represented by the formula (I):

@
Rl

RZ CHZ Q Q
|
N
/>—O—R3
N

wherein R! is a monocyclic nitrogen-containing heterocyclic
group having a deprotonizable hydrogen atom, R is an esteri-
fied carboxyl group and R? is an optionally substituted lower
alkyl, or a salt thereof and a pH control agent, and a second
part comprising a diuretic, which is obtained by granulating
separately from the first part,

[9] the solid preparation of [1], wherein the compound rep-
resented by the formula (I), or a salt thereof and the pH control
agent are contained in a first part and the diuretic is contained
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in a second part, which is a multi-layer tablet comprising a
first layer comprised of the first part and a second layer
comprised of the second part,

[10] the solid preparation of [ 1], wherein the pH control agent
is in a proportion of 0.01-20 wt % of the preparation,

[11] a method of stabilizing a compound represented by the
formula (I) or a salt thereof and a diuretic in a solid prepara-
tion, which comprises adding a pH control agent to the solid
preparation,

[12] a method of improving dissolution property of a com-
pound represented by the formula (I) or a salt thereof from a
solid preparation comprising the compound or the salt thereof
and a diuretic, which comprises adding a pH control agent to
the solid preparation;

and the like.

Effect of the Invention

The solid preparation of the present invention comprising
compound (1), a pH control agent and a diuretic can provide
a preparation superior in the stability and dissolution property
of compound (I) and the diuretic.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows dissolution profiles of the tablets obtained in
Example 14 and Reference Example 3.

FIG. 2 shows dissolution profiles of the tablets obtained in
Example 15 and Reference Example 4.

DESCRIPTION OF EMBODIMENTS

The solid preparation of the present invention is explained
in detail in the following.

The solid preparation of the present invention contains
compound (I), a pH control agent and a diuretic (also referred
to as the solid preparation of the present invention). The solid
preparation of the present invention is superior in the stability
of compound (1), and also superior in the dissolution property
of the compound (I). It is also superior in the stability of the
diuretic.

In the aforementioned formula (I), R’ is a monocyclic
nitrogen-containing heterocyclic group having a hydrogen
atom that can be deprotonized, such as a tetrazolyl group or a
group represented by the formula

N\.
1

—

N
H

wherein iis —O— or —S—, j is >C—0, >C—S8 or >S(O)m
whereinm is 0, 1 or 2 (e.g., 4,5-dihydro-5-0%0-1,2,4-oxadia-
zol-3-yl group, etc.) and the like are preferable.

A 4,5-dihydro-5-0%x0-1,2,4-oxadiazol-3-y1 group includes
three tautomers (a', b' and ¢') represented by the formulas:

N—O

| >=O
N
H
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-continued

e

N| />—OH

N

AN
‘ol
S
N
and 4,5-dihydro-5-ox0-1,2,4-oxadiazol-3-yl group includes
all of the above-mentioned a', b' and ¢'.

In the aforementioned formula (I), R? is an esterified car-
boxyl group and, for example, preferably a carboxyl group
esterified by lower (C,_,)alkyl optionally substituted by a
substituent selected from a hydroxyl group, an amino group,
a halogen atom, lower (C,_¢)alkanoyloxy (e.g., acetyloxy,
pivaloyloxy, etc.), lower (C,_,)cycloalkanoyloxy, (lower (C,
s)alkoxy)carbonyloxy (e.g., methoxycarbonyloxy, ethoxy-
carbonyloxy, etc.), (lower (C;_,)cycloalkoxy)carbonyloxy
(e.g., cyclohexyloxycarbonyloxy, etc.), lower (C,_,)alkoxy
and 5-methyl-2-0xo0-1,3-dioxolen-4-yl (e.g., (5-methyl-2-
oxo-1,3-dioxolen-4-yl)methoxycarbonyl group, 1-(cyclo-
hexyloxycarbonyloxy)ethoxycarbonyl group and the like).

In the aforementioned formula (I), R? is an optionally sub-
stituted lower alkyl, and preferably a lower (C, s)alkyl
optionally substituted by a substituent selected from a
hydroxyl group, an amino group, a halogen atom and a lower
(C,_palkoxy group (preferably lower (C, ;)alkyl; particu-
larly preferably ethyl).

The salt of a compound represented by the formula (1) is,
for example, a pharmaceutically acceptable salt. Examples of
the salt of a compound represented by the formula (I) include
a salt with an inorganic base, a salt with an organic base, a salt
with an inorganic acid, a salt with an organic acid, a salt with
a basic or acidic amino acid and the like. Preferable examples
of'the salt with an inorganic base include alkali metal salt such
as sodium salt, potassium salt and the like; alkaline earth
metal salt such as calcium salt, magnesium salt and the like;
aluminum salt, ammonium salt and the like. Preferable
examples of the salt with an organic base include salts with
trimethylamine, triethylamine, pyridine, picoline, ethanola-
mine, diethanolamine, triethanolamine, dicyclohexylamine,
N,N'-dibenzylethylenediamine and the like. Preferable
examples of the salt with an inorganic acid include salts with
hydrochloric acid, hydrobromic acid, nitric acid, sulfuric
acid, phosphoric acid and the like. Preferable examples of the
salt with an organic acid include salts with formic acid, acetic
acid, trifluoroacetic acid, fumaric acid, oxalic acid, tartaric
acid, maleic acid, citric acid, succinic acid, malic acid, meth-
anesulfonic acid, benzenesulfonic acid, p-toluenesulfonic
acid and the like. Preferable examples of the salt with a basic
amino acid include salts with arginine, lysine, ornithine and
the like, and preferable examples of salts with acidic amino
acid include salts with aspartic acid, glutamic acid and the
like.

As a compound represented by the formula (I) or a salt
thereof, a salt of (5-methyl-2-oxo0-1,3-dioxol-4-yl)methyl
2-ethoxy-1-{[2'-(5-0x0-4,5-dihydro-1,2,4-oxadiazol-3-y1)
biphenyl-4-yllmethyl}-1H-benzimidazole-7-carboxylate is
preferable, and (5-methyl-2-0xo0-1,3-dioxol-4-yl)methyl
2-ethoxy-1-{[2'-(5-0x0-4,5-dihydro-1,2,4-oxadiazol-3-y1)
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biphenyl-4-yllmethyl}-1H-benzimidazole-7-carboxylate
potassium salt is particularly preferable.

The salt of a compound represented by the formula (I) may
be hydrate or non-hydrate.

Compound (I) may be a solvate including hydrate or a
non-solvate.

Compound (1) is preferably in the form of a crystal, and
preferably has a melting point of 100-250° C., particularly
120-200° C., especially 130-180° C.

Compound (I) is contained in the solid preparation of the
present invention in a proportion of 0.1-60 wt %, preferably
1-40 wt %, more preferably 5-30 wt %.

The pH control agent to be used in the present invention
may be any as long as it simultaneously achieves stability of
the preparation of compound (I) and dissolution property of
compound (I) from the preparation and is applicable to a
pharmaceutical product. In addition, plural pH control agents
may be used in combination. The pH control agent to be used
in the present invention preferably has a pH of about 2 to
about 5, preferably about 3 to about 5, more preferably about
3 to about 4. For example, an acidic substance such as tartaric
acid, citric acid, lactic acid, fumaric acid, phosphoric acid,
malic acid, succinic acid, ascorbic acid, acetic acid, acidic
amino acid (e.g., glutamic acid, aspartic acid) and the like, an
inorganic salt (e.g., alkali metal salt, alkaline earth metal salt,
ammonium salt and the like) of these acidic substances, a salt
of such acidic substance with an organic base (e.g., basic
amino acid such as lysine, arginine and the like, meglumine
and the like), a solvate (e.g., hydrate) thereof and the like are
used. The pH control agent simultaneously achieves stability
of'a diuretic and dissolution property of the diuretic from the
preparation.

Here, the pH of the pH control agent is measured under the
following conditions. To be specific, it is the pH of a solution
or suspension obtained by dissolving or suspending a pH
control agent in water at 25° C. at a concentration of 1 w/v %.

As the pH control agent to be used in the present invention,
an acidic substance and a basic substance are combined, and
the obtained pH control agent may be adjusted such that the
pH of the solution or suspension is about 2 to about 5, pref-
erably about 3 to about 5, more preferably about 3 to about 4,
when the combined pH control agent is dissolved or sus-
pended in water at 25° C. at a concentration of 1 w/v %.
Examples of the acidic substance to be used in combination
include, in addition to the acidic substances having a pH of
about 2 to about 5 mentioned above and salts thereof, strong
acids such as hydrochloric acid, sulfuric acid, phosphoric
acid and like. Examples of the basic substance to be used in
combination include inorganic bases (e.g., sodium hydrox-
ide, potassium hydroxide, sodium carbonate, sodium hydro-
gen carbonate, magnesium carbonate, calcium carbonate,
magnesium oxide, ammonia, synthetic hydrotalcite), organic
bases (e.g., basic amino acid such as lysine, arginine, etc.,
meglumine, and the like) and the like.

The pH control agent to be used in the present invention
preferably affords a solution having a buffering capacity at
pH 2 to 5, such as sodium dihydrogen phosphate, monoso-
dium fumarate, a combination of fumaric acid and sodium ion
donor and the like.

The pH control agent to be used in the present invention is
preferably monosodium fumarate or a combination of
fumaric acid and sodium ion donor. In addition, fumaric acid
and sodium hydroxide may be used in combination.

In the solid preparation of the present invention, the pH
control agent is contained in a proportion of 0.01-20 wt %,
preferably 0.05-10 wt %, more preferably 0.1-5 wt %, of the
solid preparation.
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Examples of the diuretic in the present invention include
xanthine derivatives (e.g., theobromine sodium salicylate,
theobromine calcium salicylate etc.), thiazide preparations
(e.g., ethiazide, cyclopenthiazide, trichloromethyazide,
hydrochlorothiazide, hydroflumethiazide, benzylhydrochlo-
rothiazide, penflutizide, polythiazide, methyclothiazide etc.),
antialdosterone preparations (e.g., spironolactone, triam-
terene etc.), carbonic anhydrase inhibitors (e.g., acetazola-
mide etc.), chlorobenzenesulfonamide agents (e.g., chlortha-
lidone, mefruside, indapamide etc.), azosemide, isosorbide,
ethacrynic acid, piretanide, bumetanide, furosemide and the
like. The diuretic in the present invention also includes salts of
the compounds recited as the above-mentioned diuretic.

As the diuretic in the present invention, a chlorobenzene-
sulfonamide agent, a thiazide preparation and the like are
preferable, and chlorthalidone, hydrochlorothiazide and the
like are more preferable. Especially, chlorthalidone is prefer-
able.

In the present invention, the diuretic is contained in the
solid preparation in a proportion of generally, 0.1-60 wt %
(appropriately adjusted so that the total of compound (I) and
pH control agent will not exceed 100%), preferably 0.5-40 wt
%, more preferably 1-30 wt %. Specifically, chlorthalidone
(converted into a free form) is contained in a proportion of
generally 0.1-60 wt %, preferably 0.5-40 wt %, more prefer-
ably 1-30 wt %. Hydrochlorothiazide (converted into a free
form) is contained in a proportion of generally 0.1-60 wt %,
preferably 0.5-40 wt %, more preferably 1-30 wt %.

A preferable form of the solid preparation of the present
invention is a preparation wherein compound (I) is (5-methyl-
2-0x0-1,3-dioxol-4-yl)methyl  2-ethoxy-1-{[2'-(5-0x0-4,5-
dihydro-1,2,4-oxadiazol-3-yl)biphenyl-4-yl|methyl}-1H-
benzimidazole-7-carboxylate potassium salt and the diuretic
is chlorthalidone.

Examples of the solid preparation of the present invention
include a solid preparation suitable for oral administration
such as tablets, granules, fine granules, capsules, pills and the
like.

Therefore, the embodiments of the solid preparation of the
present invention include the following preparations.

(1) A solid preparation obtained by mixing and granulating
compound (I), apH control agent and a diuretic (single granu-
lation preparation).

(2) A solid preparation containing a first part containing com-
pound (I) and a pH control agent, and a second part containing
a diuretic, which is obtained by separately granulating the
first part and the second part (separating granulation prepa-
ration—a single layer tablet).

(3) A solid preparation obtained by compression-molding a
first part containing compound (1) and a pH control agent, and
a second part containing a diuretic independently, which are
separately granulated (separating granulation preparation—a
multi-layer tablet), or by coating one part with the other part,
which are separately granulated (separating granulation
preparation—coated tablet).

The solid preparation of the above-mentioned (1) simulta-
neously achieves dissolution property and stability of com-
pound (I) and a diuretic respectively in and from the prepa-
ration thereof by the addition of a pH control agent. In the
above-mentioned (2) and (3), the dissolution property and
stability of compound (I) and the diuretic are respectively
improved further.

The solid preparation of the above-mentioned (1) can be
produced by a method known per se (e.g., method described
in the Japanese Pharmacopoeia 14” Edition, General Rules
for Preparations).
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For example, compound (I), a pH control agent, a diuretic,
additives and the like are mixed, a binder is added to the
mixture to give granules, a lubricant and the like are added to
the granules and the mixture is tableted into a tablet. Granules
and fine granules can also be produced by a method similar to
that of the tablet.

In the case of a capsule, the above-mentioned granules and
fine granules are filled in a capsule containing gelatin,
hydroxypropylmethylcellulose and the like. Alternatively, an
active ingredient and a filler are filled in a capsule containing
gelatin, hydroxypropylmethylcellulose and the like.

The solid preparation may contain additives convention-
ally used in the pharmaceutical field. Examples of the additive
include filler, disintegrant, binder, lubricant, colorant, pH
control agent, surfactant, stabilizer, acidulant, flavor, glidant
and the like. These additives are used in an amount conven-
tionally employed in the pharmaceutical field.

Examples of the filler include starches such as cornstarch,
potato starch, wheat starch, rice starch, partly pregelatinized
starch, pregelatinized starch, porous starch and the like; sugar
and sugar alcohols such as lactose, fructose, glucose, manni-
tol (e.g., D-mannitol), sorbitol (e.g., D-sorbitol), erythritol
(e.g., D-erythritol), sucrose and the like; anhydrous calcium
phosphate, crystalline cellulose, microcrystalline cellulose,
glycyrrhiza uralensis, sodium hydrogen carbonate, calcium
phosphate, calcium sulfate, calcium carbonate, precipitated
calcium carbonate, calcium silicate and the like.

Examples of the disintegrant include amino acid, starch,
cornstarch, carboxymethylcellulose, calcium carboxymeth-
ylcellulose, sodium carboxymethyl starch, carmellose
sodium, carmellose calcium, croscarmellose sodium,
crospovidone, low-substituted hydroxypropylcellulose,
hydroxypropylstarch, sodium carboxymethyl starch and the
like.

Examples of the binder include crystalline cellulose (e.g.,
microcrystalline cellulose), hydroxypropylcellulose, hydrox-
ypropylmethylcellulose, polyvinylpyrrolidone, gelatin,
starch, gum arabic powder, tragacanth, carboxymethylcellu-
lose, sodium alginate, pullulan, glycerol and the like.

Preferable examples of the lubricant include magnesium
stearate, stearic acid, calcium stearate, talc (purified talc),
sucrose esters of fatty acids, stearyl fumarate monosodium
salt and the like.

Examples of the colorant include food colors such as Food
Color Yellow No. 5, Food Color Red No. 2, Food Color Blue
No. 2 and the like, food lake colors, diiron trioxide and the
like.

Examples of the surfactant include sodium lauryl sulfate,
polysorbate 80, polyoxyethylene(160)polyoxypropylene(30)
glycol and the like.

Examples of the stabilizer include tocopherol, tetrasodium
edetate, nicotinic acid amide, cyclodextrins and the like.

Examples of the acidulant include ascorbic acid, citric
acid, tartaric acid, malic acid and the like.

Examples of the flavor include menthol, peppermint oil,
lemon oil, vanillin and the like.

Examples of the glidant include light anhydrous silicic
acid, hydrated silicon dioxide and the like.

The above-mentioned additives may be a mixture of two or
more kinds at an appropriate ratio.

The solid preparation of the above-mentioned (2) contains
afirst part and a second part, which are separately granulated,
and can be produced by a method known per se.

In the solid preparation of the above-mentioned (2), the
first part in the present invention is a part (composition)
containing compound (1) and a pH control agent.
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The amount of the pH control agent to be used in the
present invention is preferably 0.01-20 parts by weight, pref-
erably 0.05-10 parts by weight, more preferably 0.1-5 parts
by weight, per 100 parts by weight of the above-mentioned
first part.

The weight ratio of compound (I) to a pH control agent
(compound (I):pH control agent) is preferably 1-30:1, more
preferably 5-25:1, more preferably 10-20:1.

The above-mentioned first part is not limited as long as it
has a shape and a size that afford a solid preparation together
with the below-mentioned second part.

The above-mentioned first part may further contain addi-
tives conventionally used in the pharmaceutical field. As the
additives, those similar to the aforementioned additives can
be used.

The above-mentioned first part can be produced by mixing
compound (I), a pH control agent and, where necessary, the
above-mentioned additives and granulating the mixture
according to a method known per se.

The above-mentioned first part preferably contains com-
pound (I) (preferably (5-methyl-2-oxo-1,3-dioxol-4-yl)me-
thyl 2-ethoxy-1-{[2'-(5-0x0-4,5-dihydro-1,2,4-0xadiazol-3-
yD)biphenyl-4-yl]methyl}-1H-benzimidazole-7-carboxylate
potassium salt); a pH control agent (preferably fumaric acid
and sodium hydroxide); a filler (preferably mannitol and
crystalline cellulose); and a binder (preferably hydroxypro-
pylcellulose).

The second part in the present invention is a part (compo-
sition) containing a diuretic.

The above-mentioned second part is not limited as long as
it has a shape and a size that afford a solid preparation together
with the above-mentioned first part.

The above-mentioned second part may further contain
additives conventionally used in the pharmaceutical field. As
the additives, those similar to the aforementioned additives
can be used.

Specifically, it contains a diuretic (preferably chlorthali-
done); a filler (preferably mannitol and crystalline cellulose);
and a binder (preferably hydroxypropylcellulose).

The above-mentioned second part can be produced by mix-
ing a diuretic and, where necessary, the above-mentioned
additives and granulating the mixture according to a method
known per se.

The amount of the diuretic is preferably 0.1-60 parts by
weight, more preferably 0.5-40 parts by weight, more pref-
erably 1-30 parts by weight, per 100 parts by weight of the
above-mentioned second part.

The weight ratio of the second part to the first part in the
solid preparation of the present invention (second part:first
part) is preferably 0.1-10:1, more preferably 0.3-5:1, more
preferably, 0.5-3:1.

A single layer tablet produced by mixing a first part and a
second part, which are separately granulated, and further,
additives conventionally used in the pharmaceutical field, and
then compressing the mixture is also encompassed in the
solid preparation of the present invention. A capsule produced
by filling the above-mentioned single layer tablet in a capsule
(e.g., hydroxypropylmethylcellulose capsule) is also encom-
passed in the solid preparation of the present invention.

A capsule produced by directly filling the first part and the
second part, which are separately granulated, or together with
the above-mentioned additives, in a capsule (e.g., hydrox-
ypropylmethylcellulose capsule) is also encompassed in the
solid preparation of the present invention.

In the solid preparation of the above-mentioned (3), the
first part and the second part are separately granulated, and
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the preparation can be produced by compressing indepen-
dently these parts, or coating one part with the other part.

Specific examples of the solid preparation of the above-
mentioned (3) include [1] coated tablet (A) containing an
inner core of the first part and an outer layer of the second part;
[2] coated tablet (B) containing an inner core of the second
part and an outer layer of the first part; [3] a multi-layer tablet
containing a first layer of the first part and a second layer of
the second part.

The inner core of the first part can be produced by, for
example, granulating compound (1), a pH control agent and,
where necessary, additives. After granulation, where neces-
sary, an operation of drying, sieving, compression and the like
may be applied.

The outer layer of the second part can be produced, for
example, by granulating a diuretic (e.g., chlorthalidone or a
salt thereof) with additives, as necessary.

The coating can be performed, for example, by compres-
sion, coating and the like. The additive is preferably a binder
and the like.

For production of coated tablet (A), an inactive intermedi-
ate layer may be inserted between an inner core and an outer
layer to prevent a direct contact. The intermediate layer con-
tains, for example, the following coating base and additives
for coating. The intermediate layer preferably contains a
water-soluble film coating base and a glidant.

The above-mentioned coated tablet (B) can be produced in
the same manner as in coated tablet (A) except that the second
part is used as an inner core and first part is used as an outer
layer.

The multi-layer tablet of the present invention comprises a
first part containing a compound represented by the formula
(D) or a salt thereof and a pH control agent and a second part
containing a diuretic, wherein a first layer is comprised of the
first part and a second layer is comprised of the second part.

The multi-layer tablet of the present invention is not par-
ticularly limited as long as it is a preparation wherein at least
the first layer comprised of the first part and the second layer
comprised of the second part are integrally formed.

In addition, the multi-layer tablet in the present invention
may have an inactive intermediate layer between the first
layer and the second layer.

When the multi-layer tablet in the present invention has
such intermediate layer, the adverse influences (decreased
preservation stability such as time-course decomposition of
active ingredients, lowered effectiveness and the like,
decreased dissolution stability such as time-course changes in
dissolution pattern of active ingredients and the like, and so
on) produced by interaction between the active ingredients
can be more effectively suppressed.

The multi-layer tablet can be produced, for example, by the
following production steps.

Compound (I) and a pH control agent are mixed with
additives as necessary, and the obtained mixture is granulated
to give the first part. After granulation, operations such as
drying, sieving and the like may be performed where neces-
sary. Thereafter, additives are mixed where necessary to give
the first layer.

Then, a diuretic is granulated with additives as necessary,
and the obtained second part is mixed with additives as nec-
essary to give the second layer, which is put on the above-
mentioned first layer in layers and compressed (preferably
tableted).

To prevent a direct contact of respective layers, an inactive
intermediate layer may be inserted between the respective
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layers. The intermediate layer contains, for example, the
above-mentioned filler, disintegrant, binder, lubricant, colo-
rant and the like.

A capsule produced by filling the above-mentioned coated
tablet (A) or (B) or multi-layer tablet in a capsule (e.g.,
hydroxypropylmethylcellulose capsule) is also encompassed
in the solid preparation of the present invention.

In addition, a film coating preparation produced by coating
the above-mentioned solid preparation (1)-(3) with a film of
the following coating base and additives for coating is also
encompassed in the solid preparation of the present invention.

Preferable examples of the coating base include a sugar
coating base, a water-soluble film coating base, an enteric
film coating base, a sustained-release film coating base and
the like.

As the sugar coating base, sucrose is used. Moreover, one
or more kinds selected from talc, precipitated calcium car-
bonate, gelatin, gum arabic, pullulan, carnauba wax and the
like may also be used concurrently.

Examples of the water-soluble film coating base include
cellulose polymers such as hydroxypropylcellulose [e.g.,
grade: L, SL, SL-T, SSL (trade name); Nippon Soda Co.,
Ltd.], hydroxypropylmethylcellulose [e.g., TC-5 (grade:
MW, E, EW, R, RW) (trade name); Shin-Etsu Chemical Co.,
Ltd.], hydroxyethylcellulose, methylhydroxyethylcellulose
and the like; synthetic polymers such as polyvinyl acetaldi-
ethylaminoacetate, aminoalkylmethacrylate copolymer E
[Eudragit E (trade name)], polyvinylpyrrolidone and the like;
polysaccharides such as pullulan and the like, and so on.

Examples of the enteric film coating base include cellulose
polymers such as hydroxypropylmethylcellulose phthalate,
hydroxypropylmethylcellulose acetatesuccinate, carboxym-
ethylethylcellulose, cellulose acetate phthalate and the like;
acrylic acid polymers such as methacrylic acid copolymer L
[Eudragit L (trade name)], methacrylic acid copolymer LD
[Eudragit [.-30D55 (trade name)], methacrylic acid copoly-
mer S [Eudragit S (trade name)] and the like; naturally occur-
ring substance such as shellac and the like, and so on.

Examples of the sustained-release film coating base
include cellulose polymers such as ethylcellulose and the
like; acrylic acid polymers such as aminoalkylmethacrylate
copolymer RS [Eudragit RS (trade name)], ethyl acrylate-
methyl methacrylate copolymer suspension [Eudragit NE
(trade name)] and the like, and so on.

Preferable examples of the coating additives include light
protecting agents such as titanium oxide and the like, glidants
such as talc and the like, colorants such as red ferric oxide,
yellow ferric oxide and the like; plasticizers such as polyeth-
ylene glycol [e.g., macrogol 6000 (trade name)], triethyl cit-
rate, castor oil, polysorbate and the like; organic acids such as
citric acid, tartaric acid, malic acid, ascorbic acid and the like;
and so on.

Moreover, the solid preparation of the present invention
may have a distinguishable embossing or printed letters, or a
scored line for division.

The solid preparation of the present invention is preferably
film-coated from the aspects of easy administration,
mechanical strength and the like.

In the aforementioned production steps, operations such as
mixing, compression, coating and the like are performed
according to the methods conventionally used in the pharma-
ceutical technological field.

The mixing is performed, for example, using a blending
machine such as a V-type mixer, a tumbler mixer and the like;
and a granulator such as a high speed mixer granulator, a fluid
bed granulator, an extrusion-granulator, a roller compactor
and the like.
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The compression is performed, for example, using a single
stroke tableting machine, a rotary tableting machine and the
like.

When compression is performed using a single stroke
tableting machine, a rotary tableting machine and the like, a
tableting pressure of generally 1-20 kN/cm? (preferably 5-15
kN/cm?) is preferably employed. In addition, a taper cutting
die is preferably used for preventing capping.

The coating is performed, for example, using a film coating
apparatus and the like.

The solid preparation of the present invention can be used
safely as a medicine for mammals (e.g., human, dog, rabbit,
rat, mouse and the like).

While the dose of compound (I) to patients is determined in
consideration of age, body weight, general health condition,
sex, diet, administration time, clearance rate, combination of
drugs and the like, as well as the severity of the disease for
which the patient is undergoing treatments, the daily dose is
about 0.05-500 mg, preferably 0.1-100 mg.

While the dose of a diuretic to patients is determined in
consideration of age, body weight, general health condition,
sex, diet, administration time, clearance rate, combination of
drugs and the like, as well as the severity of the disease for
which the patient is undergoing treatments, the daily dose is,
for example, about 12.5-100 mg, preferably 15-50 mg, of
chlorthalidone (converted into free form). In the case of
hydrochlorothiazide (converted into free form), the daily
dose is about 12.5-100 mg, preferably 15-50 mg.

Since compound (I) has a strong angiotensin I antagonis-
tic activity, the pharmaceutical composition of the present
invention is useful as a prophylactic or therapeutic drug for
diseases developed by (or diseases whose onset is promoted
by) contraction or growth of blood vessel or an organ disorder
expressed via angiotensin I receptor, due to the presence of
angiotensin I, or a factor induced by the presence of angio-
tensin I, in mammals (e.g., human, monkey, cat, swine,
horse, bovine, mouse, rat, guinea pig, dog, rabbit and the
like).

By combination of compound (I) and a diuretic, the solid
preparation of the present invention is useful as a prophylactic
or therapeutic drug for the above-mentioned diseases, can
reduce the doses of compound (I) and a diuretic as compared
to independent use thereof and can suppress expression of
side effects.

The present invention provides a method of stabilizing a
compound represented by the formula (I) or a salt thereof and
a diuretic in a solid preparation containing a compound rep-
resented by the formula (I) or a salt thereof, and a diuretic,
which includes adding a pH control agent. According to the
stabilizing method ofthe present invention, compound (I) and
a diuretic in a solid preparation is significantly stabilized. In
addition, the present invention provides a method of improv-
ing dissolution of a compound represented by the formula (I)
or a salt thereof from a solid preparation containing the com-
pound or a salt thereof, and a diuretic, which includes adding
a pH control agent. According to the improving method of
dissolution property in the present invention, the dissolution
property of compound (I) and a diuretic from a solid prepa-
ration is significantly improved.

EXAMPLES

The present invention is explained in more detail in the
following by referring to Examples and Experimental
Examples, which are not to be construed as limitative.

In the formulations described in the Example, the compo-
nents (additives) other than the active ingredient may be those
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recited in the Japanese Pharmacopoeia, the Japanese Pharma-
copoeia Japanese Pharmaceutical Codex or Japanese Phar-
maceutical Excipients and the like.

Example 1

(1) In a fluid bed granulator (FD-5S, POWREX CORPORA-
TION), (5-methyl-2-0x0-1,3-dioxol-4-yl)methyl 2-ethoxy-
1-{[2'-(5-0x0-4,5-dihydro-1,2,4-0xadiazol-3-y1)biphenyl-4-
yl]methyl}-1H-benzimidazole-7-carboxylate potassium salt
(hereinafter to be referred to as compound A) (1067 g) and
mannitol (1968 g) were uniformly mixed, granulated by
spraying an aqueous solution of hydroxypropylcellulose
(112.5 g), fumaric acid (46.5 g) and sodium hydroxide (16 g),
and dried therein to give granules. The obtained granules
were passed through a 16 mesh sieve (aperture 1.0 mm) to
give sieved granules A.

(2) In a fluid bed granulator (Lab-1, POWREX CORPORA-
TION), chlorthalidone (300 g), and mannitol (402 g) were
uniformly mixed, granulated by spraying an aqueous solution
of hydroxypropylcellulose (27 g), and dried therein to give
granules. The obtained granules were passed through a 16
mesh sieve (aperture 1.0 mm) to give sieved granules B.

(3) Croscarmellose sodium (24.68 g), crystalline cellulose
(30.86 g), magnesium stearate (3.08 g), the sieved granules A
(128.4 g) and the sieved granules B (121.5 g) were mixed in
a bag to give mixed granules.

(4) The mixed granules were tableted by a rotary tableting
machine (AQUARIUS, Kikusui Seisakusho, [td.) using a 7
mm¢ punch (tableting pressure: 4 KN/punch, weight per
tablet: 154.26 mg) to give core tablets having the following
composition. Then, the core tablets were dried under the
reduced pressure at 40° C. for 16 hr.

Composition of Preparation (154.26 mg)

compound A 21.34 mg
mannitol 39.36 mg
hydroxypropylcellulose 2.25 mg
fumaric acid 0.93 mg
sodium hydroxide 0.32 mg
chlorthalidone 25 mg
mannitol 335 mg
hydroxypropylcellulose 2.25 mg
croscarmellose sodium 12.34 mg
crystalline cellulose 1543 mg
magnesium stearate 1.54 mg
total 154.26 mg

Example 2

(1) In a fluid bed granulator (Lab-1, POWREX CORPORA-
TION), compound A (256.1 g) and mannitol (429.8 g) were
uniformly mixed, granulated by spraying an aqueous solution
of hydroxypropylcellulose (27 g), fumaric acid (12 g) and
sodium hydroxide (4.14 g), and dried therein to give granules.
The obtained granules were passed through a 16 mesh sieve
(aperture 1.0 mm) to give sieved granules A. Croscarmellose
sodium (24 g), crystalline cellulose (30 g) and magnesium
stearate (3 g) and the sieved granules A (85.36 g) were mixed
in a bag to give mixed granules A.

(2) Crystalline cellulose (granules) was fed into a rotating
fluid bed granulator (SPIR-A-FLOW, Freund Corporation),
and a dispersion of chlorthalidone (105 g), crystalline cellu-
lose (6.3 g), low-substituted hydroxypropylcellulose (16.8 g)
hydroxypropylmethylcellulose (16.8 g) was sprayed and lay-
ered on the crystalline cellulose granules, and dried therein to
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give granules. The obtained granules were passed through a
sieve to give sieved granules B (150-500 um).

(3) The mixed granules A (3 g) and the sieved granules B
(0.525 g) were mixed in a glass bottle to give mixed granules.
The obtained mixed granules were tableted by Autograph
(SHIMADZU Corporation, AG-5000B) using a 9.5 mmé¢
punch (tableting pressure: 7 KN/punch, weight per tablet:
352.5 mg) to give core tablets having the following compo-
sition. Then, the core tablets were dried under the reduced
pressure at 40° C. for 16 hr.

Composition of Preparation (352.5 mg)

compound A 85.36 mg
mannitol 143.26 mg
hydroxypropylcellulose 9 mg
fumaric acid 4 mg
sodium hydroxide 1.38 mg
chlorthalidone 25 mg
crystalline cellulose (granules) 18 mg
crystalline cellulose 1.5 mg
low-substituted hydroxypropylcellulose 4 mg
hydroxypropylmethylcellulose 4 mg
croscarmellose sodium 24 mg
crystalline cellulose 30 mg
magnesium stearate 3 mg
total 352.5 mg

Example 3

(1) Hydroxypropylcellulose (2800 g) was dissolved in puri-
fied water (44070 g) to give liquid I. In a fluid bed granulator
(WSG-60, POWREX CORPORATION), chlorthalidone
(5375 g), mannitol (53450 g) and crystalline cellulose (3870
g) were uniformly mixed and granulated by spraying liquid I
(38870 g), and dried to give granules. A part of the obtained
granules was milled in a powermill grinder (P-7S, Showa
Chemical Machinery) using a 1.5 mm¢ punching screen to
give milled granules A.

(2) Sodium hydroxide (405.8 g) and fumaric acid (1176 g)
were dissolved in purified water (38230 g) to give a buffer
solution. Hydroxypropylcellulose (3019 g) was dissolved in
purified water (47240 g) to give liquid II. In a fluid bed
granulator (WSG-60, POWREX CORPORATION), com-
pound A (20060 g), mannitol (40860 g) and crystalline cel-
Iulose (4230 g) were uniformly mixed and granulated by
spraying the buffer solution (31810 g) and further liquid 11
(42260 g), and dried to give granules. A part of the obtained
granules was milled in a powermill grinder (P-7S, Showa
Chemical Machinery) using a 1.5 mm¢ punching screen to
give milled granules B.

(3) Crystalline cellulose (9720 g), crospovidone (5670 g),
magnesium stearate (972 g), the milled granules A (54430 g)
and the milled granules B (26410 g) were mixed in a tumbler
mixer (TM-400S, Showa Chemical Machinery) to give mixed
granules.

(4) The mixed granules were tableted by a rotary tableting
machine (AQUARIUS36K, Kikusui Seisakusho, Ltd.) using
a 8.5 mm¢ punch (tableting pressure: 8 kN, weight per tablet:
270 mg) to give core tablets.

(5) Hydroxypropylmethylcellulose (4095 g) and talc (630 g)
were dissolved and dispersed in purified water (37800 g) to
give dispersion liquid I. Titanium oxide (493.5 g) and iron
oxide (31.5 g) were dispersed in purified water (9450 g) to
give dispersion liquid II. Dispersion liquid II was added to
dispersion liquid I, and the mixture was stirred to give a
coating dispersion. Using a pan coating machine (DRC-1200,
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POWREX CORPORATION), the coating dispersion was
sprayed on the core tablets obtained in (4) until the weight of
the core tablet increased to 10 mg per tablet to give film-
coated tablets having the following composition. Then, the
film-coated tablets were dried under the reduced pressure at
40° C. for 15 hr.

Composition of Preparation (280 mg)

chlorthalidone 12.5 mg
mannitol 124.3 mg
crystalline cellulose 9 mg
hydroxypropylcellulose 54 mg
compound A 21.34 mg
mannitol 43.465 mg
crystalline cellulose 4.5 mg
sodium hydroxide 0.345 mg

fumaric acid 1 mg
hydroxypropylcellulose 2.7 mg
crystalline cellulose 27 mg
crospovidone 15.75 mg
magnesium stearate 2.7 mg
hydroxypropylmethylcellulose 7.8 mg
talc 1.2 mg
titanium oxide 0.94 mg
iron oxide 0.06 mg
total 280 mg

Example 4

(1) Hydroxypropylcellulose (2800 g) was dissolved in puri-
fied water (44070 g) to give liquid I. In a fluid bed granulator
(WSG-60, POWREX CORPORATION), chlorthalidone
(10750 g), mannitol (48070 g) and crystalline cellulose (3870
g) were uniformly mixed, granulated by spraying liquid I
(38870 g), and dried to give granules. A part of the obtained
granules was milled in a powermill grinder (P-7S, Showa
Chemical Machinery) using a 1.5 mm¢ punching screen to
give milled granules A.

(2) Sodium hydroxide (405.8 g) and fumaric acid (1176 g)
were dissolved in purified water (38230 g) to give a buffer
solution. Hydroxypropylcellulose (3019 g) was dissolved in
purified water (47240 g) to give liquid II. In a fluid bed
granulator (WSG-60, POWREX CORPORATION), com-
pound A (20060 g), mannitol (40860 g) and crystalline cel-
Iulose (4230 g) were uniformly mixed and granulated by
spraying the buffer solution (31810 g) and further liquid 11
(42260 g), and dried to give granules. A part of the obtained
granules was milled in a powermill grinder (P-7S, Showa
Chemical Machinery) using a 1.5 mm¢ punching screen to
give milled granules B.

(3) Crystalline cellulose (9720 g), crospovidone (5670 g),
magnesium stearate (972 g), milled granules A (54430 g) and
the milled granules B (26410 g) were mixed in a tumbler
mixer (TM-400S, Showa Chemical Machinery) to give mixed
granules.

(4) The mixed granules were tableted by a rotary tableting
machine (AQUARIUS36K, Kikusui Seisakusho, Ltd.) using
a 8.5 mmé punch (tableting pressure: 8 kN, weight per tablet:
270 mg) to give core tablets.

(5) Hydroxypropylmethylcellulose (4095 g) and talc (630 g)
were dissolved and dispersed in purified water (37800 g) to
give dispersion liquid I. Titanium oxide (493.5 g) and iron
oxide (31.5 g) were dispersed in purified water (9450 g) to
give dispersion liquid II. Dispersion liquid II was added to
dispersion liquid I, and the mixture was stirred to give a
coating dispersion. Using a pan coating machine (DRC-1200,
POWREX CORPORATION), the coating dispersion was
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sprayed on the core tablets obtained in (4) until the weight of
the core tablet increased to 10 mg per tablet to give film-
coated tablets having the following composition. Then, the
film-coated tablets were dried under the reduced pressure at
40° C. for 15 hr.

Composition of Preparation (280 mg)

chlorthalidone 25 mg
mannitol 111.8 mg
crystalline cellulose 9 mg
hydroxypropylcellulose 54 mg
compound A 21.34 mg
mannitol 43.465 mg
crystalline cellulose 4.5 mg
sodium hydroxide 0.345 mg

fumaric acid 1

hydroxypropylcellulose 2.7 mg
crystalline cellulose 27 mg
crospovidone 15.75 mg
magnesium stearate 2.7 mg
hydroxypropylmethylcellulose 7.8 mg
talc 1.2 mg
titanium oxide 0.94 mg
iron oxide 0.06 mg
total 280 mg

Example 5

(1) Hydroxypropylcellulose (2800 g) was dissolved in puri-
fied water (44070 g) to give liquid I. In a fluid bed granulator
(WSG-60, POWREX CORPORATION), chlorthalidone
(5375 g), mannitol (53450 g) and crystalline cellulose (3870
g) were uniformly mixed and granulated by spraying liquid I
(38870 g), and dried to give granules. A part of the obtained
granules was milled in a powermill grinder (P-7S, Showa
Chemical Machinery) using a 1.5 mm¢ punching screen to
give milled granules A.

(2) Sodium hydroxide (405.8 g) and fumaric acid (1176 g)
were dissolved in purified water (38230 g) to give a buffer
solution. Hydroxypropylcellulose (3019 g) was dissolved in
purified water (47240 g) to give liquid II. In a fluid bed
granulator (WSG-60, POWREX CORPORATION), com-
pound A (20060 g), mannitol (40860 g) and crystalline cel-
Iulose (4230 g) were uniformly mixed and granulated by
spraying the buffer solution (31810 g) and further liquid 11
(42260 g), and dried to give granules. A part of the obtained
granules was milled in a powermill grinder (P-7S, Showa
Chemical Machinery) using a 1.5 mm¢ punching screen to
give milled granules B.

(3) Crystalline cellulose (9720 g), crospovidone (6075 g),
magnesium stearate (972 g), the milled granules A (40820 g)
and the milled granules B (39610 g) were mixed in a tumbler
mixer (TM-400S, Showa Chemical Machinery) to give mixed
granules.

(4) The mixed granules were tableted by a rotary tableting
machine (AQUARIUS36K, Kikusui Seisakusho, Ltd.) using
a 9.5 mm¢ punch (tableting pressure: 9 kN, weight per tablet:
360 mg) to give core tablets.

(5) Hydroxypropylmethylcellulose (3471 g) and talc (534 g)
were dissolved and dispersed in purified water (32040 g) to
give dispersion liquid I. Titanium oxide (418.3 g) and iron
oxide (26.7 g) were dispersed in purified water (8010 g) to
give dispersion liquid II. Dispersion liquid II was added to
dispersion liquid I, and the mixture was stirred to give a
coating dispersion. Using a pan coating machine (DRC-1200,
POWREX CORPORATION), the coating dispersion was
sprayed on the core tablets obtained in (4) until the weight of
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the core tablet increased to 10 mg per tablet to give film-
coated tablets having the following composition. Then, the
film-coated tablets were dried under the reduced pressure at
40° C. for 15 hr.

Composition of Preparation (370 mg)

chlorthalidone 12.5 mg
mannitol 124.3 mg
crystalline cellulose 9 mg
hydroxypropylcellulose 54 mg
compound A 42.68 mg
mannitol 86.93 mg
crystalline cellulose 9 mg
sodium hydroxide 0.69 mg
fumaric acid 2 mg
hydroxypropylcellulose 54 mg
crystalline cellulose 36 mg
crospovidone 22.5 mg
magnesium stearate 3.6 mg
hydroxypropylmethy! cellulose 7.8 mg
talc 1.2 mg
titanium oxide 0.94 mg
iron oxide 0.06 mg
total 370 mg

Example 6

(1) Hydroxypropylcellulose (2800 g) was dissolved in puri-
fied water (44070 g) to give liquid I. In a fluid bed granulator
(WSG-60, POWREX CORPORATION), chlorthalidone
(5375 g), mannitol (53450 g) and crystalline cellulose (3870
g) were uniformly mixed and granulated by spraying liquid I
(38870 g), and dried to give granules. A part of the obtained
granules was milled in a powermill grinder (P-7S, Showa
Chemical Machinery) using a 1.5 mm¢ punching screen to
give milled granules A.

(2) Sodium hydroxide (405.8 g) and fumaric acid (1176 g)
were dissolved in purified water (38230 g) to give a buffer
solution. Hydroxypropylcellulose (3019 g) was dissolved in
purified water (47240 g) to give liquid II. In a fluid bed
granulator (WSG-60, POWREX CORPORATION), com-
pound A (20060 g), mannitol (40860 g) and crystalline cel-
Iulose (4230 g) were uniformly mixed and granulated by
spraying the buffer solution (31810 g) and further liquid 11
(42260 g), and dried to give granules. A part of the obtained
granules was milled in a powermill grinder (P-7S, Showa
Chemical Machinery) using a 1.5 mm¢ punching screen to
give milled granules B.

(3) Crystalline cellulose (9720 g), crospovidone (6075 g),
magnesium stearate (972 g), the milled granules A (40820 g)
and the milled granules B (39610 g) were mixed in a tumbler
mixer (TM-400S, Showa Chemical Machinery) to give mixed
granules.

(4) The mixed granules were tableted by a rotary tableting
machine (AQUARIUS36K, Kikusui Seisakusho, Ltd.) using
a 9.5 mmé punch (tableting pressure: 9 kN, weight per tablet:
360 mg) to give core tablets.

(5) Hydroxypropylmethylcellulose (3471 g) and talc (534 g)
were dissolved and dispersed in purified water (32040 g) to
give dispersion liquid I. Titanium oxide (418.3 g) and iron
oxide (26.7 g) were dispersed in purified water (8010 g) to
give dispersion liquid II. Dispersion liquid II was added to
dispersion liquid I, and the mixture was stirred to give a
coating dispersion. Using a pan coating machine (DRC-1200,
POWREX CORPORATION), the coating dispersion was
sprayed on the core tablets obtained in (4) until the weight of
the core tablet increased to 10 mg per tablet to give film-
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coated tablets having the following composition. Then, the
film-coated tablets were dried under the reduced pressure at
40° C. for 15 hr.

Composition of Preparation (370 mg)

chlorthalidone 25 mg
mannitol 111.8 mg
crystalline cellulose 9 mg
hydroxypropylcellulose 54 mg
compound A 42.68 mg
mannitol 86.93 mg
crystalline cellulose 9 mg
sodium hydroxide 0.69 mg
fumaric acid 2 mg
hydroxypropylcellulose 54 mg
crystalline cellulose 36 mg
crospovidone 22.5 mg
magnesium stearate 3.6 mg
hydroxypropylmethylcellulose 7.8 mg
talc 1.2 mg
titanium oxide 0.94 mg
iron oxide 0.06 mg
total 370 mg

Example 7

(1) Hydroxypropylcellulose (2800 g) was dissolved in puri-
fied water (44070 g) to give liquid I. In a fluid bed granulator
(WSG-60, POWREX CORPORATION), chlorthalidone
(5375 g), mannitol (53450 g) and crystalline cellulose (3870
g) were uniformly mixed and granulated by spraying liquid I
(38870 g), and dried to give granules. A part of the obtained
granules was milled in a powermill grinder (P-7S, Showa
Chemical Machinery) using a 1.5 mm¢ punching screen to
give milled granules A.

(2) Sodium hydroxide (405.8 g) and fumaric acid (1176 g)
were dissolved in purified water (38230 g) to give a buffer
solution. Hydroxypropylcellulose (3019 g) was dissolved in
purified water (47240 g) to give liquid II. In a fluid bed
granulator (WSG-60, POWREX CORPORATION), com-
pound A (20060 g), mannitol (40860 g) and crystalline cel-
Iulose (4230 g) were uniformly mixed and granulated by
spraying the buffer solution (31810 g) and further liquid 11
(42260 g), and dried to give granules. A part of the obtained
granules was milled in a powermill grinder (P-7S, Showa
Chemical Machinery) using a 1.5 mm¢ punching screen to
give milled granules B.

(3) Crystalline cellulose (9720 g), crospovidone (6480 g),
magnesium stearate (972 g), the milled granules A (27220 g)
and the milled granules B (52810 g) were mixed in a tumbler
mixer (TM-400S, Showa Chemical Machinery) to give mixed
granules.

(4) The mixed granules were tableted by a rotary tableting
machine (AQUARIUS36K, Kikusui Seisakusho, Ltd.) using
a punch (major diameter 14 mm, minor diameter 8 mm)
(tableting pressure: 10 kN, weight per tablet: 540 mg) to give
core tablets.

(5) Hydroxypropylmethylcellulose (4056 g) and talc (624 g)
were dissolved and dispersed in purified water (37440 g) to
give dispersion liquid I. Titanium oxide (488.8 g) and iron
oxide (31.2 g) were dispersed in purified water (9360 g) to
give dispersion liquid II. Dispersion liquid II was added to
dispersion liquid I, and the mixture was stirred to give a
coating dispersion. Using a pan coating machine (DRC-1200,
POWREX CORPORATION), the coating dispersion was
sprayed on the core tablets obtained in (4) until the weight of
the core tablet increased to 20 mg per tablet to give film-
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coated tablets having the following composition. Then, the
film-coated tablets were dried under the reduced pressure at
40° C. for 15 hr.

Composition of Preparation (560 mg)

20

coated tablets having the following composition. Then, the
film-coated tablets were dried under the reduced pressure at
40° C. for 15 hr.

Composition of Preparation (560 mg)

chlorthalidone 12.5 mg chlorthalidone 25 mg
mannitol 124.3 mg mannitol 111.8 mg
crystalline cellulose 9 mg crystalline cellulose 9 mg
hydroxypropylcellulose 54 mg hydroxypropylcellulose 54 mg
compound A 85.36 mg 10 compound A 85.36 mg
mannitol 173.86 mg mannitol 173.86 mg
crystalline cellulose 18 mg crystalline cellulose 18 mg
sodium hydroxide 1.38 mg sodium hydroxide 1.38 mg
fumaric acid 4 mg fumaric acid 4 mg
hydroxypropylcellulose 10.8 mg hydroxypropylcellulose 10.8 mg
crystalline cellulose 54 mg 15 crystalline cellulose 54 mg
crospovidone 36 mg crospovidone 36 mg
magnesium stearate 54 mg magnesium stearate 54 mg
hydroxypropylmethylcellulose 15.6 mg hydroxypropylmethylcellulose 15.6 mg
talc 24 mg talc 24 mg
titanium oxide 1.88 mg titanium oxide 1.88 mg
iron oxide 0.12 mg 20 iron oxide 0.12 mg
total 560 mg total 560 mg
Example 8 25 Example 9

(1) Hydroxypropylcellulose (2800 g) was dissolved in puri-
fied water (44070 g) to give liquid I. In a fluid bed granulator
(WSG-60, POWREX CORPORATION), chlorthalidone
(10750 g), mannitol (48070 g) and crystalline cellulose (3870
g) were uniformly mixed and granulated by spraying liquid I
(38870 g), and dried to give granules. A part of the obtained
granules was milled in a powermill grinder (P-7S, Showa
Chemical Machinery) using a 1.5 mm¢ punching screen to
give milled granules A.

(2) Sodium hydroxide (405.8 g) and fumaric acid (1176 g)
were dissolved in purified water (38230 g) to give a buffer
solution. Hydroxypropylcellulose (3019 g) was dissolved in
purified water (47240 g) to give liquid II. In a fluid bed
granulator (WSG-60, POWREX CORPORATION), com-
pound A (20060 g), mannitol (40860 g) and crystalline cel-
Iulose (4230 g) were uniformly mixed and granulated by
spraying the buffer solution (31810 g) and further liquid 11
(42260 g), and dried to give granules. A part of the obtained
granules was milled in a powermill grinder (P-7S, Showa
Chemical Machinery) using a 1.5 mm¢ punching screen to
give milled granules B.

(3) Crystalline cellulose (9720 g), crospovidone (6480 g),
magnesium stearate (972 g), the milled granules A (27220 g)
and the milled granules B (52810 g) were mixed in a tumbler
mixer (TM-400S, Showa Chemical Machinery) to give mixed
granules.

(4) The mixed granules were tableted by a rotary tableting
machine (AQUARIUS36K, Kikusui Seisakusho, Ltd.) using
a punch (major diameter 14 mm, minor diameter 8 mm)
(tableting pressure: 10 kN, weight per tablet: 540 mg) to give
core tablets.

(5) Hydroxypropylmethylcellulose (4056 g) and talc (624 g)
were dissolved and dispersed in purified water (37440 g) to
give dispersion liquid I. Titanium oxide (488.8 g) and iron
oxide (31.2 g) were dispersed in purified water (9360 g) to
give dispersion liquid II. Dispersion liquid II was added to
dispersion liquid I, and the mixture was stirred to give a
coating dispersion. Using a pan coating machine (DRC-1200,
POWREX CORPORATION), the coating dispersion was
sprayed on the core tablets obtained in (4) until the weight of
the core tablet increased to 20 mg per tablet to give film-
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(1) Hydroxypropylcellulose (2800 g) was dissolved in puri-
fied water (44070 g) to give liquid I. In a fluid bed granulator
(WSG-60, POWREX CORPORATION), chlorthalidone
(10750 g), mannitol (48070 g) and crystalline cellulose (3870
g) were uniformly mixed and granulated by spraying liquid I
(38870 g), and dried to give granules. A part of the obtained
granules was milled in a powermill grinder (P-7S, Showa
Chemical Machinery) using a 1.5 mm¢ punching screen to
give milled granules. Crystalline cellulose (7200 g),
crospovidone (3600 g), magnesium stearate (720 g) and the
milled granules (60480 g) were mixed in a tumbler mixer
(TM-4008S, Showa Chemical Machinery) to give mixed gran-
ules A.

(2) Sodium hydroxide (405.8 g) and fumaric acid (1176 g)
were dissolved in purified water (38230 g) to give a buffer
solution. Hydroxypropylcellulose (3019 g) was dissolved in
purified water (47240 g) to give liquid II. In a fluid bed
granulator (WSG-60, POWREX CORPORATION), com-
pound A (20060 g), mannitol (40860 g) and crystalline cel-
Iulose (4230 g) were uniformly mixed and granulated by
spraying the buffer solution (31810 g) and further liquid 11
(42260 g), and dried to give granules. A part of the obtained
granules was milled in a powermill grinder (P-7S, Showa
Chemical Machinery) using a 1.5 mm¢ punching screen to
give milled granules. Crystalline cellulose (7200 g),
crospovidone (5400 g), magnesium stearate (720 g) and the
milled granules (58680 g) were mixed in a tumbler mixer
(TM-4008S, Showa Chemical Machinery) to give mixed gran-
ules B.

(3) The mixed granules A (180 mg) and the mixed granules B
(90 mg) were tableted in the form of a bilayer by a rotary
tableting machine (AQUA082421.2J1, Kikusui Seisakusho,
Ltd.)using a 8.5 mm¢ punch (tableting pressure: 7 kN, weight
per tablet: 270 mg) to give core tablets.

(4) Hydroxypropylmethylcellulose (780 g) and talc (120 g)
were dissolved and dispersed in purified water (7750 g) to
give dispersion liquid I. Titanium oxide (94 g) and iron oxide
(6 g) were dispersed in purified water (1000 g) to give dis-
persion liquid I1. Dispersion liquid 1I and purified water (250
g) were added to dispersion liquid I, and the mixture was
stirred to give a coating dispersion. Using a pan coating
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machine (DRC-650, POWREX CORPORATION), the coat-
ing dispersion was sprayed on the core tablets obtained in (3)
until the weight of the core tablet increased to 10 mg per tablet
to give film-coated tablets having the following composition.
Then, the film-coated tablets were dried under the reduced
pressure at 40° C. for 15 hr.

Composition of Preparation (280 mg)

chlorthalidone 12.5 mg
mannitol 124.3 mg
crystalline cellulose 9 mg
hydroxypropylcellulose 54 mg
crystalline cellulose 18 mg
crospovidone 9 mg
magnesium stearate 1.8 mg
compound A 21.34 mg
mannitol 43.465 mg
crystalline cellulose 4.5 mg
sodium hydroxide 0.345 mg
fumaric acid 1 mg
hydroxypropylcellulose 2.7 mg
crystalline cellulose 9 mg
crospovidone 6.75 mg
magnesium stearate 0.9 mg
hydroxypropylmethylcellulose 7.8 mg
talc 1.2 mg
titanium oxide 0.94 mg
iron oxide 0.06 mg
total 280 mg

Example 10

(1) Hydroxypropylcellulose (5122 g) was dissolved in puri-
fied water (80620 g) to give liquid I. In a fluid bed granulator
(WSG-60, POWREX CORPORATION), chlorthalidone
(10740 g), mannitol (48080 g) and crystalline cellulose (3870
g) were uniformly mixed and granulated by spraying liquid I
(38870 g), and dried to give granules. A part of the obtained
granules was milled in a powermill grinder (P-7S, Showa
Chemical Machinery) using a 1.5 mm¢ punching screen to
give milled granules. Crystalline cellulose (7200 g),
crospovidone (3600 g), magnesium stearate (720 g) and the
milled granules (60480 g) were mixed in a tumbler mixer
(TM-4008S, Showa Chemical Machinery) to give mixed gran-
ules A.

(2) Sodium hydroxide (405.8 g) and fumaric acid (1176 g)
were dissolved in purified water (38230 g) to give a buffer
solution. Hydroxypropylcellulose (3019 g) was dissolved in
purified water (47240 g) to give liquid II. In a fluid bed
granulator (WSG-60, POWREX CORPORATION), com-
pound A (20060 g), mannitol (40860 g) and crystalline cel-
Iulose (4230 g) were uniformly mixed and granulated by
spraying the buffer solution (31810 g) and further liquid 11
(42260 g), and dried to give granules. A part of the obtained
granules was milled in a powermill grinder (P-7S, Showa
Chemical Machinery) using a 1.5 mm¢ punching screen to
give milled granules. Crystalline cellulose (7200 g),
crospovidone (5400 g), magnesium stearate (720 g) and the
milled granules (58680 g) were mixed in a tumbler mixer
(TM-4008S, Showa Chemical Machinery) to give mixed gran-
ules B.

(3) The mixed granules A (180 mg) and the mixed granules B
(90 mg) were tableted in the form of a bilayer by a rotary
tableting machine (AQUA082421.2]1, Kikusui Seisakusho,
Ltd.)using a 8.5 mm¢ punch (tableting pressure: 7 kN, weight
per tablet: 270 mg) to give core tablets.
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(4) Hydroxypropylmethylcellulose (780 g) and talc (120 g)
were dissolved and dispersed in purified water (7750 g) to
give dispersion liquid I. Titanium oxide (94 g) and iron oxide
(6 g) were dispersed in purified water (1000 g) to give dis-
persion liquid I1. Dispersion liquid 1I and purified water (250
g) were added to dispersion liquid I, and the mixture was
stirred to give a coating dispersion. Using a pan coating
machine (DRC-650, POWREX CORPORATION), the coat-
ing dispersion was sprayed on the core tablets obtained in (3)
until the weight of the core tablet increased to 10 mg per tablet
to give film-coated tablets having the following composition.
Then, the film-coated tablets were dried under the reduced
pressure at 40° C. for 15 hr.

Composition of Preparation (280 mg)

chlorthalidone 25 mg
mannitol 111.8 mg
crystalline cellulose 9 mg
hydroxypropylcellulose 54 mg
crystalline cellulose 18 mg
crospovidone 9 mg
magnesium stearate 1.8 mg
compound A 21.34 mg
mannitol 43.465 mg
crystalline cellulose 4.5 mg
sodium hydroxide 0.345 mg
fumaric acid 1 mg
hydroxypropylcellulose 2.7 mg
crystalline cellulose 9 mg
crospovidone 6.75 mg
magnesium stearate 0.9 mg
hydroxypropylmethylcellulose 7.8 mg
talc 1.2 mg
titanium oxide 0.94 mg
iron oxide 0.06 mg
total 280 mg

Example 11

(1) Hydroxypropylcellulose (2800 g) was dissolved in puri-
fied water (44070 g) to give liquid I. In a fluid bed granulator
(WSG-60, POWREX CORPORATION), chlorthalidone
(5375 g), mannitol (53450 g) and crystalline cellulose (3870
g) were uniformly mixed and granulated by spraying liquid I
(38870 g), and dried to give granules. A part of the obtained
granules was milled in a powermill grinder (P-7S, Showa
Chemical Machinery) using a 1.5 mm¢ punching screen to
give milled granules. Crystalline cellulose (7200 g),
crospovidone (3600 g), magnesium stearate (720 g) and the
milled granules (60480 g) were mixed in a tumbler mixer
(TM-4008S, Showa Chemical Machinery) to give mixed gran-
ules A.

(2) Sodium hydroxide (405.8 g) and fumaric acid (1176 g)
were dissolved in purified water (38230 g) to give a buffer
solution. Hydroxypropylcellulose (3019 g) was dissolved in
purified water (47240 g) to give liquid II. In a fluid bed
granulator (WSG-60, POWREX CORPORATION), com-
pound A (20060 g), mannitol (40860 g) and crystalline cel-
Iulose (4230 g) were uniformly mixed and granulated by
spraying the buffer solution (31810 g) and further liquid 11
(42260 g), and dried to give granules. A part of the obtained
granules was milled in a powermill grinder (P-7S, Showa
Chemical Machinery) using a 1.5 mm¢ punching screen to
give milled granules. Crystalline cellulose (7200 g),
crospovidone (5400 g), magnesium stearate (720 g) and the
milled granules (58680 g) were mixed in a tumbler mixer
(TM-4008S, Showa Chemical Machinery) to give mixed gran-
ules B.
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(3) The mixed granules A (180 mg) and the mixed granules B
(360 mg) were tableted in the form of a bilayer by a rotary
tableting machine (AQUA082421.2]1, Kikusui Seisakusho,
Ltd.) using a punch (major diameter 14 mm, minor diameter
8 mm) (tableting pressure: 10 kN, weight per tablet: 540 mg)
to give core tablets.

(4) Hydroxypropylmethylcellulose (780 g) and talc (120 g)
were dissolved and dispersed in purified water (7750 g) to
give dispersion liquid I. Titanium oxide (94 g) and iron oxide
(6 g) were dispersed in purified water (1000 g) to give dis-
persion liquid I1. Dispersion liquid II and purified water (250
g) were added to dispersion liquid I, and the mixture was
stirred to give a coating dispersion. Using a pan coating
machine (DRC-650, POWREX CORPORATION), the coat-
ing dispersion was sprayed on the core tablets obtained in (3)
until the weight of the core tablet increased to 20 mg per tablet
to give film-coated tablets having the following composition.
Then, the film-coated tablets were dried under the reduced
pressure at 40° C. for 15 hr.

Composition of Preparation (560 mg)

chlorthalidone 12.5 mg
mannitol 124.3 mg
crystalline cellulose 9 mg
hydroxypropylcellulose 54 mg
crystalline cellulose 18 mg
crospovidone 9 mg
magnesium stearate 1.8 mg
compound A 85.36 mg
mannitol 173.86 mg
crystalline cellulose 18 mg
sodium hydroxide 1.38 mg
fumaric acid 4 mg
hydroxypropylcellulose 10.8 mg
crystalline cellulose 36 mg
crospovidone 27 mg
magnesium stearate 3.6 mg
hydroxypropylmethylcellulose 15.6 mg
talc 24 mg
titanium oxide 1.88 mg
iron oxide 0.12 mg
total 560 mg

Example 12

(1) Hydroxypropylcellulose (5122 g) was dissolved in puri-
fied water (80620 g) to give liquid I. In a fluid bed granulator
(WSG-60, POWREX CORPORATION), chlorthalidone
(10740 g), mannitol (48080 g) and crystalline cellulose (3870
g) were uniformly mixed and granulated by spraying liquid I
(38870 g), and dried to give granules. A part of the obtained
granules was milled in a powermill grinder (P-7S, Showa
Chemical Machinery) using a 1.5 mm¢ punching screen to
give milled granules. Crystalline cellulose (7200 g),
crospovidone (3600 g), magnesium stearate (720 g) and the
milled granules (60480 g) were mixed in a tumbler mixer
(TM-4008S, Showa Chemical Machinery) to give mixed gran-
ules A.

(2) Sodium hydroxide (405.8 g) and fumaric acid (1176 g)
were dissolved in purified water (38230 g) to give a buffer
solution. Hydroxypropylcellulose (3019 g) was dissolved in
purified water (47240 g) to give liquid II. In a fluid bed
granulator (WSG-60, POWREX CORPORATION), com-
pound A (20060 g), mannitol (40860 g) and crystalline cel-
Iulose (4230 g) were uniformly mixed and granulated by
spraying the buffer solution (31810 g) and further liquid 11
(42260 g), and dried to give granules. A part of the obtained
the granules was milled in a powermill grinder (P-7S, Showa
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Chemical Machinery) using a 1.5 mm¢ punching screen to
give milled granules. Crystalline cellulose (7200 g),
crospovidone (5400 g), magnesium stearate (720 g) and the
milled granules (58680 g) were mixed in a tumbler mixer
(TM-4008S, Showa Chemical Machinery) to give mixed gran-
ules B.

(3) The mixed granules A (180 mg) and the mixed granules B
(360 mg) were tableted in the form of a bilayer by a rotary
tableting machine (AQUA082421.2J1, Kikusui Seisakusho,
Ltd.) using a punch (major diameter 14 mm, minor diameter
8 mm) (tableting pressure: 10 kN, weight per tablet: 540 mg)
to give core tablets.

(4) Hydroxypropylmethylcellulose (3900 g) and talc (600 g)
were dissolved and dispersed in purified water (35000 g) to
give dispersion liquid I. Titanium oxide (470 g) and iron oxide
(30 g) were dispersed in purified water (10000 g) to give
dispersion liquid II. Dispersion liquid II was added to disper-
sion liquid I, and the mixture was stirred to give a coating
dispersion. Using a pan coating machine (DRC-1200, POW-
REX CORPORATION), the coating dispersion was sprayed
on the core tablets obtained in (3) until the weight of the core
tablet increased to 20 mg per tablet to give film-coated tablets
having the following composition. Then, the film-coated tab-
lets were dried under the reduced pressure at 40° C. for 15 hr.
Composition of Preparation (560 mg)

chlorthalidone 25 mg
mannitol 111.8 mg
crystalline cellulose 9 mg
hydroxypropylcellulose 54 mg
crystalline cellulose 18 mg
crospovidone 9 mg
magnesium stearate 1.8 mg
compound A 85.36 mg
mannitol 173.86 mg
crystalline cellulose 18 mg
sodium hydroxide 1.38 mg

fumaric acid 4

hydroxypropylcellulose 10.8 mg
crystalline cellulose 36 mg
crospovidone 27 mg
magnesium stearate 3.6 mg
hydroxypropylmethylcellulose 15.6 mg
talc 24 mg
titanium oxide 1.88 mg
iron oxide 0.12 mg
total 560 mg

Example 13

(1) In a fluid bed granulator (Lab-1, POWREX CORPORA-
TION), compound A (85.36 g), chlorthalidone (100 g), and
mannitol (91.26 g) were uniformly mixed and granulated by
spraying an aqueous solution of hydroxypropylcellulose
(10.8 g), fumaric acid (4 g) and sodium hydroxide (1.38 g),
and dried therein. The obtained granules were passed through
a 16 mesh sieve (aperture 1.0 mm) to give sieved granules.
Croscarmellose sodium (23.46 g), crystalline cellulose (30.6
g), magnesium stearate (3.06 g) and the sieved granules
(248.88 g) were mixed in a bag to give mixed granules.

(2) The mixed granules were tableted by a rotary tableting
machine (AQUARIUS, Kikusui Seisakusho, Ltd.) using a 6
mm¢ punch (tableting pressure: 3 KN/punch, weight per
tablet: 90 mg) to give core tablets having the following com-
position. Then, the core tablets were dried under the reduced
pressure at 40° C. for 16 hr.
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Composition of Preparation (90 mg)

compound A 21.34 mg
chlorthalidone 25 mg
mannitol 22.815 mg
hydroxypropylcellulose 2.7 mg
fumaric acid 1 mg
sodium hydroxide 0.345 mg
croscarmellose sodium 6.9 mg
crystalline cellulose 9 mg
magnesium stearate 0.9 mg
total 90 mg

Example 14

In a fluid bed granulator (FD-5S, POWREX CORPORA-
TION), compound A (597.5 g), chlorthalidone (175 g), man-
nitol (2000 g) and crystalline cellulose (189 g) were uni-
formly mixed and granulated by spraying an aqueous solution
ot hydroxypropylcellulose (113.4 g), fumaric acid (28 g) and
sodium hydroxide (9.66 g), and dried therein. The obtained
granules were passed through a 16 mesh sieve (aperture 1.0
mm) to give sieved granules. Crystalline cellulose (324 g),
crospovidone (216 g), magnesium stearate (32.4 g) and the
sieved granules (2668 g) were mixed in a tumbler mixer
(TM-15, Showa Chemical Machinery) to give mixed gran-
ules. The mixed granules were tableted by a rotary tableting
machine (VEL50306SS2MZ, Kikusui Seisakusho, [.td.)
using a punch (major diameter 14.8 mm, minor diameter 8
mm) (tableting pressure: 8 KN/punch, weight per tablet: 540
mg) to give core tablets having the following composition.
Then, the core tablets were dried under the reduced pressure
at 40° C. for 15 hr.

Composition of Preparation (540 mg)

chlorthalidone 25 mg
compound A 85.36 mg
mannitol 285.66 mg
crystalline cellulose 27 mg
hydroxypropylcellulose 16.2 mg
fumaric acid 4 mg
sodium hydroxide 1.38 mg
crystalline cellulose 54 mg
crospovidone 36 mg
magnesium stearate 54 mg
total 540 mg

Example 15

(1) Hydroxypropylcellulose (2800 g) was dissolved in puri-
fied water (44070 g) to give liquid I. In a fluid bed granulator
(WSG-60, POWREX CORPORATION), chlorthalidone
(10750 g), mannitol (48070 g) and crystalline cellulose (3870
g) were uniformly mixed and granulated by spraying liquid I
(38870 g), and dried to give granules. A part of the obtained
granules was milled in a powermill grinder (P-7S, Showa
Chemical Machinery) using a 1.5 mm¢ punching screen to
give milled granules A.

(2) Compound A (1024 g), mannitol (2086 g) and crystalline
cellulose (216 g) were uniformly mixed in a fluid bed granu-
lator (FD-5S, POWREX CORPORATION) and granulated
by spraying an aqueous solution of hydroxypropylcellulose
(129.6 g), fumaric acid (48 g) and sodium hydroxide (16.56
g), and dried therein to give granules. The obtained granules
were passed through a 16 mesh sieve (aperture 1.0 mm) to
give sieved granules B.
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(3) Crystalline cellulose (324 g), crospovidone (216 g), mag-
nesium stearate (32.4 g), the milled granules A (907.2 g) and
the sieved granules B (1760 g) were mixed in a tumbler mixer
(TM-15, Showa Chemical Machinery) to give mixed gran-
ules. The mixed granules were tableted by a rotary tableting
machine (VEL50306SS2MZ, Kikusui Seisakusho, [.td.)
using a punch (major diameter 14.8 mm, minor diameter 8
mm) (tableting pressure: 8 KN/punch, weight per tablet: 540
mg) to give core tablets having the following composition.
Then, the core tablets were dried under the reduced pressure
at 40° C. for 15 hr.

Composition of Preparation (540 mg)

chlorthalidone 25 mg
mannitol 111.8 mg
crystalline cellulose 9 mg
hydroxypropylcellulose 54 mg
compound A 85.36 mg
mannitol 173.86 mg
crystalline cellulose 18 mg
hydroxypropylcellulose 10.8 mg
fumaric acid 4 mg
sodium hydroxide 1.38 mg
crystalline cellulose 54 mg
crospovidone 36 mg
magnesium stearate 54 mg
total 540 mg

Example 16

(1) Hydroxypropylcellulose (2800 g) was dissolved in puri-
fied water (44070 g) to give liquid I. In a fluid bed granulator
(WSG-60, POWREX CORPORATION), chlorthalidone
(2688 g), mannitol (56140 g) and crystalline cellulose (3870
g) were uniformly mixed and granulated by spraying liquid I
(38870 g), and dried to give granules. A part of the obtained
granules was milled in a powermill grinder (P-7S, Showa
Chemical Machinery) using a 1.5 mm¢ punching screen to
give milled granules A.

(2) Sodium hydroxide (405.8 g) and fumaric acid (1176 g)
were dissolved in purified water (38230 g) to give a buffer
solution. Hydroxypropylcellulose (3019 g) was dissolved in
purified water (47240 g) to give liquid II. In a fluid bed
granulator (WSG-60, POWREX CORPORATION), com-
pound A (20060 g), mannitol (40860 g) and crystalline cel-
Iulose (4230 g) were uniformly mixed and granulated by
spraying the buffer solution (31810 g) and further liquid 11
(42260 g), and dried to give granules. A part of the obtained
granules was milled in a powermill grinder (P-7S, Showa
Chemical Machinery) using a 1.5 mm¢ punching screen to
give milled granules B.

(3) Crystalline cellulose (1512 g), crospovidone (882 g),
magnesium stearate (151.2 g), the milled granules A (8467 g)
and the milled granules B (4108 g) were mixed in a tumbler
mixer (TM-608S, Showa Chemical Machinery) to give mixed
granules. The mixed granules were tableted by a rotary tablet-
ing machine (COLLECT 12K, Kikusui Seisakusho, Ltd.)
using a 8.5 mm¢ punch (tableting pressure: 6 KN/punch,
weight per tablet: 270 mg) to give core tablets.

(4) Hydroxypropylmethylcellulose (390 g) and talc (60 g)
were dissolved and dispersed in purified water (3850 g) to
give dispersion liquid I. Titanium oxide (47 g) and iron oxide
(3 g) were dispersed in purified water (500 g) to give disper-
sion liquid II. Dispersion liquid II and purified water (150 g)
were added to dispersion liquid I, and the mixture was stirred
to give a coating dispersion. Using a pan coating machine
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(DRC-650, POWREX CORPORATION), the coating disper-
sion was sprayed on the core tablets obtained in (3) until the
weight of the core tablet increased to 10 mg per tablet to give
film-coated tablets having the following composition. Then,
the film-coated tablets were dried under the reduced pressure
at 40° C. for 15 hr.

Composition of Preparation (280 mg)

chlorthalidone 6.25 mg
mannitol 130.55 mg
crystalline cellulose 9 mg
hydroxypropylcellulose 54 mg
compound A 21.34 mg
mannitol 43.465 mg
crystalline cellulose 4.5 mg
hydroxypropylcellulose 2.7 mg

fumaric acid 1 mg
sodium hydroxide 0.345 mg
crystalline cellulose 27 mg
crospovidone 15.75 mg
magnesium stearate 2.7 mg
hydroxypropylmethylcellulose 7.8 mg
talc 1.2 mg
titanium oxide 0.94 mg
iron oxide 0.06 mg
total 280 mg

Example 17

(1) Hydroxypropylcellulose (2800 g) was dissolved in puri-
fied water (44070 g) to give liquid I. In a fluid bed granulator
(WSG-60, POWREX CORPORATION), chlorthalidone
(2688 g), mannitol (56140 g) and crystalline cellulose (3870
g) were uniformly mixed and granulated by spraying liquid I
(38870 g), and dried to give granules. A part of the obtained
granules was milled in a powermill grinder (P-7S, Showa
Chemical Machinery) using a 1.5 mm¢ punching screen to
give milled granules A.

(2) Sodium hydroxide (405.8 g) and fumaric acid (1176 g)
were dissolved in purified water (38230 g) to give a buffer
solution. Hydroxypropylcellulose (3019 g) was dissolved in
purified water (47240 g) to give liquid II. In a fluid bed
granulator (WSG-60, POWREX CORPORATION), com-
pound A (20060 g), mannitol (40860 g) and crystalline cel-
Iulose (4230 g) were uniformly mixed and granulated by
spraying the buffer solution (31810 g) and further liquid 11
(42260 g), and dried to give granules. A part of the obtained
granules was milled in a powermill grinder (P-7S, Showa
Chemical Machinery) using a 1.5 mm¢ punching screen to
give milled granules B.

(3) Crystalline cellulose (1512 g), crospovidone (1008 g),
magnesium stearate (151.2 g), the milled granules A (4234 g)
and the milled granules B (8215 g) were mixed in a tumbler
mixer (TM-60S, Showa Chemical Machinery) to give mixed
granules. The mixed granules were tableted by a rotary tablet-
ing machine (COLLECT 12K, Kikusui Seisakusho, Ltd.)
using a punch (major diameter 14 mm, minor diameter 8 mm)
(tableting pressure: 10.5 KN/punch, weight per tablet: 540
mg) to give core tablets having the following composition.
(4) Hydroxypropylmethylcellulose (390 g) and tale (60 g)
were dissolved and dispersed in purified water (3850 g) to
give dispersion liquid I. Titanium oxide (47 g) and iron oxide
(3 g) were dispersed in purified water (500 g) to give disper-
sion liquid I1. Dispersion liquid II and purified water (150 g)
were added to dispersion liquid I, and the mixture was stirred
to give a coating dispersion. Using a pan coating machine
(DRC-650, POWREX CORPORATION), the coating disper-
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sion was sprayed on the core tablets obtained in (3) until the
weight of the core tablet increased to 20 mg per tablet to give
film-coated tablets having the following composition. Then,
the film-coated tablets were dried under the reduced pressure
at 40° C. for 15 hr.

Composition of Preparation (560 mg)

chlorthalidone 6.25 mg
mannitol 130.55 mg
crystalline cellulose 9 mg
hydroxypropylcellulose 54 mg
compound A 85.36 mg
mannitol 173.86 mg
crystalline cellulose 18 mg
sodium hydroxide 1.38 mg

fumaric acid 4

hydroxypropylcellulose 10.8 mg
crystalline cellulose 54 mg
crospovidone 36 mg
magnesium stearate 54 mg
hydroxypropylmethylcellulose 15.6 mg
talc 24 mg
titanium oxide 1.88 mg
iron oxide 0.12 mg
total 560 mg

Reference Example 1

In a fluid bed granulator (Lab-1, POWREX CORPORA-
TION), compound A (42.68 g), lactose (217.32 g), crystalline
cellulose (32 g) and monosodium fumarate (10 g) were uni-
formly mixed, granulated by spraying an aqueous solution of
hydroxypropylcellulose (12 g) and monosodium fumarate
(10 g), and dried therein to give granules. The obtained gran-
ules were passed through a 16 mesh sieve (aperture 1.0 mm)
to give sieved granules. The sieved granules (16.2 g) and
low-substituted hydroxypropylcellulose (0.8 g) were mixed
in a glass bottle to give mixed granules. The mixed granules
were tableted by Autograph (manufactured by Shimadzu
Corporation, AG-5000B) using a 9.5 mm¢ punch (tableting
pressure: 7.5 KN/punch, weight per tablet: 398.3 mg) to give
core tablets having the following composition. Then, the core
tablets were dried under the reduced pressure at 40° C. for 16
hr.

Composition of Preparation (398.3 mg)

compound A 50 mg
lactose 254.6 mg
crystalline cellulose 37.5 mg
hydroxypropylcellulose 14.1 mg
monosodium fumarate 234 mg
low-substituted hydroxypropylcellulose 18.7 mg
total 398.3 mg

Reference Example 2

In a fluid bed granulator (Lab-1, POWREX CORPORA-
TION), compound A (42.68 g), lactose (217.32 g) and crys-
talline cellulose (32 g) were uniformly mixed, granulated by
spraying an aqueous solution of hydroxypropylcellulose (12
g), and dried therein to give granules. The obtained granules
were passed through a 16 mesh sieve (aperture 1.0 mm) to
give sieved granules. The sieved granules (15.2 g) and low-
substituted hydroxypropylcellulose (0.8 g) were mixed in a
glass bottle to give mixed granules. The mixed granules were
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tableted by Autograph (manufactured by Shimadzu Corpora-
tion, AG-5000B) using a 9.5 mmé punch (tableting pressure:
7.5 KN/punch, weight per tablet: 374.9 mg) to give core
tablets having the following composition. Then, the core tab-
lets were dried under the reduced pressure at 40° C. for 16 hr.
Composition of Preparation (374.9 mg)

compound A 50 mg
lactose 254.6 mg
crystalline cellulose 37.5 mg
hydroxypropylcellulose 14.1 mg
low-substituted hydroxypropylcellulose 18.7 mg
total 3749 mg

Reference Example 3

In a fluid bed granulator (FD-5S, POWREX CORPORA-
TION), compound A (597.5 g), chlorthalidone (175 g), man-
nitol (2037 g) and crystalline cellulose (189 g) were uni-
formly mixed, granulated by spraying an aqueous solution of
hydroxypropylcellulose (113.4 g), and dried therein to give
granules. The obtained granules were passed through a 16
mesh sieve (aperture 1.0 mm) to give sieved granules. Crys-
talline cellulose (324 g), crospovidone (216 g), magnesium
stearate (32.4 g) and the sieved granules (2668 g) were mixed
in a tumbler mixer (TM-15, Showa Chemical Machinery) to
give mixed granules. The mixed granules were tableted by a
rotary tableting machine (VEL50306SS2MZ, Kikusui Sei-
sakusho, [td.) using a punch (major diameter 14.8 mm, minor
diameter 8 mm) (tableting pressure: 8 KN/punch, weight per
tablet: 540 mg) to give core tablets having the following
composition. Then, the core tablets were dried under the
reduced pressure at 40° C. for 15 hr.

Composition of Preparation (540 mg)

chlorthalidone 25 mg
compound A 85.36 mg
mannitol 291.04 mg
crystalline cellulose 27 mg
hydroxypropylcellulose 16.2 mg
crystalline cellulose 54 mg
crospovidone 36 mg
magnesium stearate 54 mg
total 540 mg

Reference Example 4

(1) Hydroxypropylcellulose (2800 g) was dissolved in puri-
fied water (44070 g) to give liquid I. In a fluid bed granulator
(WSG-60, POWREX CORPORATION), chlorthalidone
(10750 g), mannitol (48070 g) and crystalline cellulose (3870
g) were uniformly mixed and granulated by spraying liquid I
(38870 g), and dried to give granules. A part of the obtained
granules was milled in a powermill grinder (P-7S, Showa
Chemical Machinery) using a 1.5 mm¢ punching screen to
give milled granules A.

(2) In a fluid bed granulator (FD-5S, POWREX CORPORA-
TION), compound A (1024 g), mannitol (2151 g) and crys-
talline cellulose (216 g) were uniformly mixed, granulated by
spraying an aqueous solution of hydroxypropylcellulose
(129.6 g), and dried therein to give granules. The obtained
granules were passed through a 16 mesh sieve (aperture 1.0
mm) to give sieved granules B.

10

15

20

25

30

35

40

45

50

55

60

65

30

(3) Crystalline cellulose (324 g), crospovidone (216 g), mag-
nesium stearate (32.4 g), the milled granules A (907.2 g) and
the sieved granules B (1760 g) were mixed in a tumbler mixer
(TM-15, Showa Chemical Machinery) to give mixed gran-
ules. The mixed granules were tableted by a rotary tableting
machine (VEL50306SS2MZ, Kikusui Seisakusho, [.td.)
using a punch (major diameter 14.8 mm, minor diameter 8
mm) (tableting pressure: 8 KN/punch, weight per tablet: 540
mg) to give core tablets having the following composition.
Then, the core tablets were dried under the reduced pressure
at 40° C. for 15 hr.

Composition of Preparation (540 mg)

chlorthalidone 25 mg
mannitol 111.8 mg
crystalline cellulose 9 mg
hydroxypropylcellulose 54 mg
compound A 85.36 mg
mannitol 179.24 mg
crystalline cellulose 18 mg
hydroxypropylcellulose 10.8 mg
crystalline cellulose 54 mg
crospovidone 36 mg
magnesium stearate 54 mg
total 540 mg

Experimental Example 1

The dried core tablets obtained in Example 1 and Example
13 were stored in a closed glass bottle with a desiccant at 60°
C. for 2 weeks. An increase in the amount of decomposed
products was measured by the following method.

Compound A was dissolved in an extract at about 1 pg/ml.,
and the solution was filtered using a non-aqueous filter (0.45
um) and quantified by high performance liquid column chro-
matography (HPLC) under the following conditions.

HPLC Conditions
detector: ultraviolet absorption photometer,
measurement wavelength: 240 nm
column: YMC-Pack ProC18, 5 um, inner diameter: 4.6
mm,
length: 150 mm
column temperature: 25° C.
mobile phase (A): 0.05 mol/L. phosphate buffer (pH
3.0)/acetonitrile mixed solution (9:1)
mobile phase (B): 0.05 mol/L. phosphate buffer (pH
3.0)/acetonitrile mixed solution (3:7)
flow: 1 mL/min
gradient program (linear)
time (min) mobile phase (A) (%) mobile phase (B) (%)
0 (injecting) 100 0
10 70 30
90 0 100
91 100 0
110 (injecting) 100 0

The results are shown in Table 1. As shown in Table 1, by
separately granulating each compound, the decomposition of
compound A was suppressed.
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TABLE 1

increase (%) in
amount of decomposed

preparation products
tablet of Example 1 2.53
tablet of Example 13 6.52

Experimental Example 2

The drug dissolution property of the dried core tablets
obtained in Example 14 and Reference Example 3 was evalu-
ated by a dissolution test (0.5 w/w % dodecylsodium sulfate-
containing phosphate buffer (pH 6.8, 900 ml.), Paddle
Method, 50 rpm, 37° C.). The results are shown in FIG. 1,
wherein _qo_ shows the results of the dried core tablets of
Example 14 and __ shows theresults ofthe dried core tablets
of Reference Example 3.

As shown in FIG. 1, addition of a pH control agent
improved the dissolution property.

Experimental Example 3

The dried core tablets obtained in Example 14 and Refer-
ence Example 3 were stored in a closed glass bottle with a
desiccant at 40° C. for 1 month. An increase in the amount of
decomposed products was measured by the following
method.

Compound A was dissolved in an extract atabout 1 pg/mlL,
and the solution was filtered using a non-aqueous filter (0.45
um) and quantified by high performance liquid column chro-
matography (HPLC) under the following conditions.

HPLC Conditions

detector: ultraviolet absorption spectrophotometer,
measurement wavelength: 240 nm

column: YMC-Pack ProC18, 5 pm, inner diameter: 4.6 mm,
length: 150 mm

column temperature: 25° C.

mobile phase (A): 0.05 mol/L. phosphate buffer (pH 4.0)/
acetonitrile/tetrahydrofuran mixed solution (40:7:3)

mobile phase (B): acetonitrile/0.05 mol/L. phosphate buffer
(pH 4.0)/tetrahydrofuran mixed solution (49:30:21)

flow: 1 mL/min

gradient program (linear)

Time (min) mobile phase (A) (%) mobile phase (B) (%)
0 (injecting) 100 0

100 0 100

101 100 0

110 (injecting) 100 0

The results are shown in Table 2. As shown in Table 2,
addition of a pH control agent suppressed decomposition of
compound A.

TABLE 2

increase (%) in the
amount of decomposed

preparation products
tablet of Example 14 0.51
tablet of Reference 1.80

Example 3
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Experimental Example 4

The drug dissolution property of the dried core tablets
obtained in Example 15 and Reference Example 4 was evalu-
ated in the same manner as in Experimental Example 2. The
results are shown in FIG. 2, wherein _o_ shows the results of
the dried core tablets of Example 15 and _,_ shows theresults
of the dried core tablets of Reference Example 4.

As shown in FIG. 2, addition of a pH control agent
improved the dissolution property.

Experimental Example 5

The dried core tablets obtained in Example 14 and
Example 15 were stored in a closed glass bottle with a desic-
cant at 40° C. for 1 month. An increase in the amount of
decomposed products was measured in the same manner as in
Experimental Example 3.

The results are shown in Table 3. As show in Table 3, by
separately granulating each compound, the decomposition of
compound A was suppressed.

TABLE 3

increase (%) in the

amount of decomposed
preparation products
tablet of Example 14 0.51
tablet of Example 15 0.31

INDUSTRIAL APPLICABILITY

The solid preparation of the present invention is useful for
the prophylaxis or treatment of circulatory diseases such as
hypertension, cardiac failure, diabetic nephropathy, arterio-
sclerosis and the like. The solid preparation of the present
invention comprising the aforementioned compound repre-
sented by the formula (I), a pH control agent and a diuretic
shows superior safety and superior dissolution property of the
compound represented by the formula (I) and the diuretic.

While some of the embodiments of the present invention
have been described in detail in the above, those of ordinary
skill in the art can enter various modifications and changes to
the particular embodiments shown without substantially
departing from the novel teaching and advantages of the
present invention. Such modifications and changes are
encompassed in the spirit and scope of the present invention
as set forth in the appended claims.

The invention claimed is:

1. A solid preparation comprising

a first part comprising a compound which is (5-methyl-2-

0x0-1,3-dioxol-4-yl)methyl 2-ethoxy-1-{[2'-(5-0x0-4,
5-dihydro-1,2,4-oxadiazol-3-yl)biphenyl-4-yl|me-
thyl}-1H-benzimidazole-7-carboxylate potassium salt
and a pH control agent and

a second part comprising chlorthalidone, which is obtained

by granulating separately from the first part,

wherein a pH of a solution or suspension obtained by

dissolving or suspending the pH control agent in water at
25° C. at a concentration of 1 w/v % is2 to 5.

2. The solid preparation of claim 1, wherein the pH control
agent is an acidic substance selected from the group consist-
ing of tartaric acid, citric acid, lactic acid, fumaric acid, suc-
cinic acid, phosphoric acid, malic acid, ascorbic acid, acetic
acid and acidic amino acid, or a salt thereof, or a solvate
thereof.
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3. The solid preparation of claim 1, wherein the pH control
agent is monosodium fumarate, or a combination of fumaric
acid and sodium ion donor.

4. The solid preparation of claim 1, which is a single layer
tablet obtained by mixing the first part and the second part to
give a mixture, and compressing the mixture.

5. The solid preparation of claim 1, which is a multi-layer
tablet comprising a first layer comprised of the first part and a
second layer comprised of the second part.

6. The solid preparation of claim 1, wherein the pH control
agent is in a proportion of 0.01-20 wt % of the preparation.

7. A method of stabilizing a compound which is (5-methyl-
2-0x0-1,3-dioxol-4-yl)methyl  2-ethoxy-1-{[2'-(5-0x0-4,5-
dihydro-1,2,4-oxadiazol-3-yl)biphenyl-4-yl|methyl}-1H-
benzimidazole-7-carboxylate potassium salt and
chlorthalidone in a solid preparation,

which method comprises separately granulating a first part

comprising the compound and a pH control agent and a
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second part comprising chlorthalidone to give the solid
preparation comprising the first part and the second part,

wherein a pH of a solution or suspension obtained by
dissolving or suspending the pH control agent in water at
25° C. at a concentration of 1 w/v % is2 to 5.
8. A method of improving dissolution property of a com-
pound which is (5-methyl-2-oxo0-1,3-dioxol-4-yl)methyl
2-ethoxy-1-{[2'-(5-0x0-4,5-dihydro-1,2,4-0xadiazol-3-y1)
biphenyl-4-yllmethyl}-1H-benzimidazole-7-carboxylate
potassium salt from a solid preparation comprising the com-
pound and chlorthalidone,
which method comprises separately granulating a first part
comprising the compound and a pH control agent and a
second part comprising chlorthalidone to give the solid
preparation comprising the first part and the second part,

wherein a pH of a solution or suspension obtained by
dissolving or suspending the pH control agent in water at
25° C. at a concentration of 1 w/v % is2 to 5.
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